Office of Tax Analysis

U.S. Treasury Department
Washington, D.C. 20220
Issued: September. 1976

Depreciation, Profits, and Rates of Return
in Manufacturing Industries

Robert M. Coen
Northwestern University

OTA Paper 3 April 1975






I.

II.

III.

Iv.

VI.

TABLE OF CONTENTS

Introduction e © e o 06 o © e o & o ¢ o o o s o o o

Historical and Current-Cost Concepts of Economic
Depreciation « o« o o o o o o o o ¢ o o o o o o o o

A, The Historical-Cost Concept .« « o o o o o o «
B. The Current-Cost CONCEPL +« « o o o o o o & o &
Estimates of Economic Depreciation and Profits . .
A, Estimates of Depreciation . . « ¢ & ¢ o o o« &

(1) Historical-Cost Estimates . .« + o « o o« &

(2) Current-Cost Estimates . « « « o« « s o o« &

(3) Estimates by Industry . « « o« o o o o o &
B. Estimates of Profits . « « o« o« ¢ ¢ o o ¢ o o &
Economic Depreciation and Replacement Requirements
Estimates of Gross Rates of Return . « « « « o o &

Conclusion @ o e o o o o o o & o o o o o o o o o o

14
14
14
14
17
18
21
26

32






I. INTRODUCTION

In earlier work funded by the Treasury Department [2,3], I
attempted to estimate service lives and depreciation patterns of capital
goods employed in manufacturing industries which on average best ac-
counted for observed fluctuations in capital spending. I have referred
to these as the service lives and depreciation patterns revealed or
indicated by investment behavior.

This study explores some of the implications of my previous
findings.l/ By applying the revealed services lives and depreciation
patterns to capital expenditures in each industry, I have prepared
estimates of annual depreciation flows which-are not only consistent
over time, but which also reflect actual service lives and actual losses
in efficiency of capital goods as they age. Two variants of these
depreciations flows are considered, the first based on historical cost
of assets and the second on current, or feplacement, cost of assets.
Section II details the assumptions and algebraic formulas appropriate to
each measure. The estimates are presented in Section III, where they
are compared with the Bureau of Economic Analysis (BEA) data on capital
consumption allowances. Section III also compares profit estimates
based on my measures of depreciation with BEA profit estimates.

I have drawn a distinction in my previous papers between replace-
ment requirements and depreciation. Replacement requirements measure
the amount of real capital expenditures needed to maintain the produc-
tive capacity of the existing stock of capital, whereas depreciation

reflects the decline in value of the existing stock of capital over the
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accounting period. I have shown that replaceﬁent requirements and
depreciation are the same only under conditions of constant geometric
decay of productiﬁe capacity of capital goods and constant prices.
Since constant geometric decay of productive capacity was not revealed
by investment behavior in any manufacturing industries, and since prices
do change over time, the empirical relation between replacement require-
ments and depreciation is worth exploring. Section IV presents my
estimates of replacement requirements valued at current prices and com-
pares them with both my series and the BEA series on depreciation.

In applying my revealed service lives and depreciation patterns
to capital expenditures, it is possible to estimate not only annual
flows of depreciation but also the value of equipment and structures in
existence at the end of each year - what I shall call the "book value"
of those assets. Taking the ratio of my estimate of profits (including
net interest) to the average of book value of assets at the beginning
and end of the year, I arrive at estimates of the rate of return on
capital which embody consistent measurements of depreciation and book
values - not only consistent over time, but consistent with my findings
on service lives and patterns of loss of efficiency of capital goods.
These new estimates of rates of return in manufacturing industries

are presented in Section V.
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II. HISTORICAL AND CURRENT-COST CONCEPTS OF ECONOMIC DEPRECIATION

A. The Historical-Cost Concept. In my initial study, I showed

how a capacity depreciation pattern, depicting the loss of efficiency

of a capital good as it ages, can be translated into a pattern of economic
depreciation, depicting the loss in value of the capital good as it ages.
To illustrate, consider an asset whose service life is three years.

Let dj be the loss of productive capacity of the asset in year j of its
life relative to its efficiency when new. Suppose that the asset adds

X units to real net output (net of material costs, labor, and other

costs) and that the output's selling price, P, remains constant through
time. The asset will then give rise to the following stream of net

money returns.

Year of Service Life Net Money Return
1 PX
3 PX(1-dy-djp)

The value of the asset at the end of each year is given by the
present value of the stream of net money returns from that year to the
end of the service life. If r is the discount rate (assumed constant
over time), then for the asset being considered we have,

Co = T#r (1) 2 (1+0) 3 (1)
) PX(1-d;)  PX(1-dy-dy) (2)

z]_ = 1+r (l+r)2
PX (1-d1-ds) 3

Zz = 1+r



3 . (4)
where Cq 1is the original cost of the asset, Z; is the value of the
asset at the end of its first year of service, and so forth. Deprecia-

tion each year, Dj, defined as the loss in value of the asset, is given

by
Dy = Z) - Zy (6)

What property do these measures of depreciation possess? 1In each
year of the asset's life, it generates a certain amount of money receipts.
The problem of depreciation accounting is to decompose these receipts
into two components, one of which we call income, the other depreciation.
1f we define income as the portion of receipts which could be consumed
(or withdrawn for some other purpose) and still leave the owner with the
same real wealth at the end of the year as he possessed at the beginning
of the year, then the depreciation method proposed is the appropriate

one, provided that the price of a comparable new asset is not changing

over time.

To establish that this proposition is correct, let us examine the
situation in the first year of the asset's life. Suppose we denote income
in year 1, as income was defined above, by Yl. The owner's nominal
wealth at the beginning of year 1 is simply Cy, and his real wealth is
one capital good. If the price of new capital goods of this type is

constant through time, then we require that the owner's wealth at the
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end of year 1 be Cj, so that his real wealth will not have changed. He
will, of course, have a used asset worth Z; at that time, and he will
have PX - Y1 in cash. Thus, if his wealth at the end of year 1 is to be
Cp, then we must have

PX—Y1+Z1=C0. (8)
But PX - Y, is what we would identify as depreciation in year 1,
Dy, so that

D, =Cp = Zy - (9)

Receipts in the second year are composed of two flows: (1) the

net money return generated by the asset, PX(1-dy), and (2) interest on
depreciation set aside in year 1, rD;. Also, the owner's wealth at the
end of year 2 is composed of two items: (1) the two-year old asset
worth Zy, and (2) the amount of cash set aside for depreciation in year 1,
D;. Again assuming that the price of a new capital good similar to the
used one has not changed, we require that the owner's wealth at the end
of year 2 be Cy. Thus,

PX(l-dl) + 1Dy - Yy + Zy + D1 = Cy (10)
Since D, is PX(l—dl) + rDy - Yy, that is, total receipts minus income,
we have

Dy =Cy =2, =Dy =Cy =2y -Cy+ 2y =2y -2y . (11)
Similar reasoning would lead to the conclusion that Dy =2y - Z3 .

With depreciation in each year defined by these expressions, it

can easily be shown that income in each year of the asset's life is the

same and equal to rCy.
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Thus, under the assumption of constant prices, the calculation
of depreciation is straightforward. For our purposes, it is convenient

to normalize the depreciation flows in the above example on the initial

value of the asset. This gives us a set of parameters vj, defined as
Co - 721
vy =6 (12)
1 Co
Z1 - 29 (13)
Vo =2 "o
2 CO
2% (14)
3T ¢ ,

which characterize the pattern of economic depreciation on the asset.
In other words, the Vj depict the pattern of economic depreciation on
an asset costing one dollar when new. Depreciation in each year and the
value of the asset at the end of each year can then be expressed in terms

of the original value of the asset:

Dy = vy CO Zy = (l-vl-vz)C0 (16)

This approach, based as it is on the assumption of constant prices,
is rather unrealistic. Its implementation results in depreciation
measures reflecting the historical, or original, cost of assets. In
times of changing prices, historical-cost depreciation will be incorrect
in the sense that the measure of income associated with it will not

properly indicate how much of current receipts can be consumed and still
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leave real wealth intact. Nonetheless, the simplicity of historical-
cost depreciation and its conceptual similarity to tax accounting prac-
tices in the U.S. are desirable features.

To explain how this approach is applied in the present study, I

employ the following notation:

Iik = equipment expenditures in current prices in year t
for industry k.
S = structures expenditures in current prices in year t
tk for industry k.
vik = 1loss in value of one dollar of equipment used by
industry k in the i-th year after the equipment is
acquired.
V?k = loss in value of one dollar of structures used by
t industry k in the i-th year after the structures
are acquired.
Dek = total economic depreciation (loss in value) of all
t equipment used by industry k in year t.
D°. = total economic depreciation of all structures used
tk . .
by industry k in year t.
Dtk = total economic depreciation of all equipment and

structures used by industry k in year t.
The v's, which indicate the patterns of economic depreciation on
equipment and structures, are derived from the service lives and
capacity depreciation patterns revealed by investment behavior, according
to the procedure described above. The index k runs from 1 to 21, covering
the 21‘two-digit manufacturing industries in the Standard Industrial
Classification. We then have

e
e

e _ e e
Dtk = 121 Vik It—i,k . (18)



S
S nk S S
Dtk = il vik It-i,k (19)
_ e s
1)tk = D, + Dtk . (20)

where ni and ni are, respectively, the service lives of equipment and
structures indicated by investment behavior in industry k. Summing
the Dtk over all 21 industries, we have an estimate of the flow of
economic depreciation for total manufacturing in year t.

B. The Current-Cost Concept. Capital goods prices commonly change

over time, raising serious difficulties in the measurement of depreciation
and income. Any approach to depreciation measurement under circumstances
of changing prices is necessarily arbitrary. We can formulate a set of
assumptions and examine their implications, but it must be recognized
that a different, and perhaps equally plausible, set of assumptions may
lead to different results.
I shall make the following assumptions for the purposes of this
study:
' (a) Changes in capital goods prices result solely from changes
in prices of the outputs which they produce.
(b) Changes in product prices are entirely unforeseen by the
owners of capital goods.
(c) The value of a capital good is equal to the present value
of the expected stream of net money returns which it will

produce.
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(d) Product price expectations are completely inelastic.
That is, actual or potential owners of capital goods
expect present prices of products to prevail into the
indefinite future.
We shall develop the implications of these assumptions in a fashion
which parallels the discussion in the previous section.
Suppose an individual owns a new capital good for which he paid
C0 doll;rs. The capital good has a three-year life, and its capacity

depreciation in year j is dj. The current price of output produced by

this piece of capital is P,, which the owner expects to remain at this

0’
level. Thus, at the time of purchase, the owner anticipates that the
value of this asset at the end of each year will be

. - (21)
o Itr (1+1) 2 (1+1)3

L0 _ PoXi-dy) + Po¥(1-d;-dy) (22)
1 1+r (1+r)2

0 . PX(1-dy-d,) (23)
2 1+r

We now place a superscript "0" on Z; and Z, to indicate that they
are anticipations held at the end of year 0. The actual value of the
asset at the end of year 1 may not be Zg, however, owing to an unforeseen
change in the product price. If the product price turms out to be Pl,
in year 1, and if participants in the capital-goods market revise their
expectations and believe that the future output price will be Pl’ then

the value of the asset at the end of year 1 will be
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1 P)X(1-d;) , P X(1-d;-d,) 0
z; = A
1 T+r (142)2 1

(24)

Thus, an unexpected change has occurred in the value of the capital good.
Note also that a new capital good of the same type should sell at the
end of year 1 at the price

P1X PlX(l—dl) PlX(l-dl—dz)

C1 = 1= *t +

(25)

(1+r)2 (1+r)3
If the owner of the capital good is to have the same real wealth
(that is, one capital good) at the end of period 1 as at the end of
period 0, his nominal wealth at the end of period 1 must be Cl' His
nominal income in year 1 is then implicitly defined by
- 1_

PX - ¥, + 27 C.s (26)
so depreciation in year 1 is

D, =¢C, -zl (27)

1 1 1°
However, given the definition of the vj in the previous section, we

1_ (1=
see that Zl = (1 vl)C1 and

el

Dy =€ = V1, caa—) . (28)
The expression vy C0 is the historical-cost depreciation in the first
year on an asset purchased at the end of year 0. The factor (Cl/CO)
inflates this historical-cost depreciation to the level of capital
goodé prices prevailing at the end of period 1. I shall refer to such
a depreciation measure as current-cost depreciation. The form derived
here for the first year is in accord with a frequently heard policy pro-

posal, namely, that firms should be permitted to adjust their historical-

cost depreciation to reflect the level of current capital goods prices.
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However, moving on to the second year, the situation is no longer
so simple.

Suppose that the price of output changes in year 2 to P, and that,
as a consequence, the price of a new capital good of the original type
changes to C2 at the end of year 2. Income in year 2 is implicitly

defined by

2 _
P X(1-d;) + 1Dy - ¥, + Dy + 2 =C; , (29)

2 js the market value of the two-year old asset and Z§ # Zg .

2

In particular, we have

where Z

9 PzX(l—dl-dz) (30)
2 = 1+r *

Z

Depreciation in year 2 is then

e - - 72
,=Cy =Dy - Z5 (31)

Again recalling the definition of the vy, we have Zg = (l-vl—vz)C2

D

so that
G
D, = (vy#vy)Cy = v,Cy (G) (32)
¢y
= v2C2 + vlc2 - VICOCEE)

Cy Cy C1
ololey) + 1) ~ V1% )T -
0 0 0
Depreciation in the second year contains two elements. The first
is the historical-cost depreciation on a two-year old asset revalued to

reflect the price of a new capital good at the end of year two. The

second is the first-year historical-cost depreciation valued at year 2's
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capital goods price less the same historical-cost depreciation valued
at year 1's capital goods price. This second element can be interpreted
as an adjustment factor for the first-year depreciation, taking account
of the change in the price of a new capital good between years 1 and 2.
By the same logic, depreciation in the third year can be shown to
be
C3 C3 C,
Dy = V4G (56) + [VZCO(C_O) - vzco(g(;)]
(33)
C3 Cy
+ viCo(gy) - ViG] -
The three components of D3 may be interpreted as follows. The first
is the third-year historical-cost depreciation revalued to the current
price level. The second is the adjustment of second-year historical-cost
depreciation required to revalue it to the current price level. And the
third is the adjustment of first-year historical-cost depreciation required
to revalue it to the current price level, recognizing that it had already
been adjusted to year 2's price level in calculating depreciation in
year 2. The concept of current-cost depreciation implied by our assumptions
does not merely involve the revaluation of historical-cost depreciation
in each year to reflect the current price of a new capital good. It
involves this revaluation plus continued adjustments of past depreciation
estimates to place them on a current-cost basis. Depreciation over the
service life, according to this approach, sums to C3, which is the cost
of purchasing a new capital good of the original type at the end of
year 3 (the end of the service 1ife).2/ In other words, the present
concept of current-cost depreciation leads to a stream of depreciation

charges which sum to the eventual replacement cost of the asset.
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To show how this approach is implemented in the current study,
I shall use the notation given in the preceding section. Additionally,
Cik can be defined as the price index for new equipment purchased by
industry k in year t, and Cik as the price index for new structures
purchased by industry k in year t. We then have the following expressions

for current-cost depreciation:

ne Ce
DS, = IFvi IS e
i=l ik t—i,k t_i’k
e e e e (34)
+ ;‘k'l e ‘z‘k e Ctk'ct-l,k
_ ik e t-j’ e
=1 j=i+l Ct-j,k
S S
s _ Y s .s Ctk
Dl = I Vix Neeik cS
i=1 *T Yt-i,k
(35)
s S S s
N gk'l s CoxCe-1,k
i=1 Vik —i+1 t-i,k  CS
: j— ’ t"j9k
e S
Dy = Dy + Dt.k . (36)
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III. ESTIMATES OF ECONOMIC DEPRECIATION AND PROFITS

A. Estimates of Depreciation. Table 1 presents estimates of

historical- and current-cost depreciation for 1947-71, prepared according
to the preceding formulas. Only the totals for manufacturing as a whole
are given; the detailed estimates by industry and by type of asset appear
in appendix tables C.1 - C.3 (historical cost) and C.5 - C.7 (current
cost). In addition, Table 1 gives the BEA series on capital consumption,
which reflects depreciation reported on business income tax returns.

(1) Historical-Cost Estimates. At the beginning of the period,

the historical-cost estimates exceed the BEA figures, since many assets
acquired during World War II were amortized under emergency provisions
enacted during the war. By 1951-52, the two series do not differ sig-
nificantly; but the combination of accelerated amortization of emergency
facilities during and after the Korean War and of accelerated depreciation
beginning in 1954 created an excess of tax depreciation charges over
historical-cost estimates by about 20 percent. Adoption of the guideline
lives in 1962 once again boosted tax depreciation charges, eventually

to levels exceeding my estimates by about 45 percent. The impact of the
Asset Depreciation Range (ADR) system, adopted in 1971, appears to be
rather small, but additional observations are required before conclusive
judgments can be drawn.

(2) Current-Cost Estimates. The erratic behavior of the current-

cost estimates is striking. The formula used in computing them reveals

that the current-year change in prices of new capital goods plays a
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Table 1

Comparison of BEA and Coen Estimates of Capital Consumption,

Total Manufacturing, 1947-71
(Billions of Dollars)

Capital Consumption Excess of BEA over
Coen Coen (percent)
Year BEA Historical Cost Current Cost Historical Cost Current Cost
1947 2.418 2.749 10.103 -12.0 -76.1
48 2.855 3.182 5.693 -10.3 -49.8
49 3.242 3.620 4,819 -10.4 -32.7
50 3.492 3.869 8.348 - 9.7 -58.2
51 4.044 4,125 11.298 - 2.0 -64.2
52 4.698 4.634 8.164 1.4 -42.5
53 5.567 5.125 7.520 8.6 -26.0
54 6.372 5.585 6.746 14.1 - 5.5
55 7.171 6.024 8.850 19.0 -19.0
56 7.741 6.440 14.161 20.2 -45.3
57 8.551 7.154 13.966 19.5 -38.8
58 9.103 7.745 10.011 17.5 - 9.1
59 9.426 8.045 10.810 17.2 -12.8
60 9.831 8.249 9.792 19.2 0.4
61 10.405 8.612 10.679 20.8 - 2.6
62 12.189 8.854 11.576 37.7 5.3
63 12.765 9.176 11.582 39.1 10.2
64 13.734 9.565 13.073 43.6 5.1
65 14.693 10.073 13.884 45.9 5.8
66 15.584 10.945 15.682 44.9 1.1
67 17.354 12.222 18.898 42.0 - 8.2
68 18.977 13.222 19.409 43.5 - 2.2
69 20.681 14.095 26.356 46.7 -21.5
70 21.714 15.146 29.212 43.4 -25.7

71 23.440 16.037 32.705 46.2 -28.3
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crucial role in determining year-to-year changes in the series. Thus,
the high rate of inflation immediately following World War II pushed
the estimates to ievels greatly exceeding both tax allowances and my
historical-cost estimates. As the postwar inflation subsided, the excess
of current- over historical-cost depreciation diminished although it
remained large; however, the Korean inflation once again widened the gap.
Moderation of price increases in the 1954 recession, in conjunction with
the introduction of accelerated depreciation for tax purposes in that
year, brought tax allowances and current-cost depreciation into fairly
close alignment, but only until prices began to rebound in the mid-1950's.
During the period of sluggish activity and stable prices extending from
'the late 1950's to the mid-1960's, current-cost depreciation grew slowly
(it even fell in two years). As a consequence, tax depreciation actually
overtook current-cost depreciation for a few years, and the two figures
were nearly identical in 1966. Finally, the inflation commencing in the
Vietnam War period again generated very high levels of current-cost
depreciation, with tax allowances falling 28 percent below current-cost
depreciation by the end of the period.

It is interesting to note the strong countercyclical movements in
the current-cost estimates. During periods of rapid economic expansion
and high employment, prices rise relatively sharply, thus augmenting the
depreciation estimates. The retardation of inflation during recessions
generally reverses this effect, although 1971 stands as an important
exception; By contrast, the measures based on historical cost display a

rather smooth upward trend. Hence, if firms were permitted to depreciate
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assets on a current-cost basis similar to the procedure employed here,
tax depreciation allowances would become a destabilizing influence on
aggregate economic activity. When the economy is booming and prices are
rising, the rapid growth in depreciation allowances would reduce business
tax liabilities below what they would be under historical-cost accounting.
As the economy weakens in recessions, stable or declining prices would
reduce current-cost depreciation, and would enlarge tax liabilities to
levels above those associated with historical-cost accounting.

(3) Estimates by Industry. The detailed estimates by industry

contained in the appendix display widely varyihg patterns which are
difficult to summarize in a few words. Some salient points may be noted,
however. My historical-cost estimates exceed tax allowances in 1947 in
ten of the 21 industries covered, but the various liberalizations of tax
allowances during the 1950's and early 1960's vastly changed the situation.
By the mid-1960's, every industry was enjoying tax allowances which exceed
my historical-cost estimates, and this relationship persisted through
1971, except in the rubber industry. Two industries - tobacco and non-
electrical machinery - appear to be receiving especially favorable treat-
ment in 1971. On the other hand, current-cost depreciation exceeded tax
allowances in 1947 in all but two industries - lumber and miscellaneous
manufacturing. Liberalization of tax allowances, in conjunction with
changes in inflation rates, brought tax allowances into line with current-
cost depreciation by the mid-1960's in most industries, the notable ex-
ceptions being textiles, paper, rubber, primary metals, transportation

equipment, and miscellaneous manufacturing. The high inflation rates
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toward the end of the period again lead to substantial excesses of current-
cost over tax depreciation in all but two industries - tobacco and non-
electrical machinery. Note that the two industries that appear to be
most favorably treated in 1971 on the basis of the historical-cost esti-
mates also appear to be most favorably treated on the basis of the current-
cost estimétes. However, the least favorably treated industry in 1971 in
the former case is rubber, while in the latter case it is petroleum.

B. Estimates of Profits. My estimates of historical- and current-

cost depreciation can readily be used to derive new estimates of profits

in manufacturing industries. In keeping with the BEA profits series to
which I wish to compare my own, profits are defined as gross product
originating less indirect business taxes, compensation of employees, net
interest, and capital consumption allowances. The data used in calculations
are those supplied by the BEA, except that I substituted my series on
economic depreciation for the BEA series on capital consumption.

Table 2 presents the BEA and my own profits estimates for total
manufacturing. Detailed estimates by industry appear in appendix tables
D.1 - D.2 (historical cost) and D.3 - D.4 (current cost). Of course,
whenever my estimate of economic depreciation exceeds BEA's capital con-
sumption, my profits estimate must lie below BEA's, and conversely. The
historical-cost based measures indicate overestimation of profits by BEA
by about 2 percent in the period 1947-50, while in 1951-52 our estimates
do not differ significantly. Continued liberalization of tax depreciation
after 1952 leads to growing underestimation of profits by BEA, with the

underestimates reaching about 28 percent by the end of the period. When



Year

1947
48
49
50

51
52
53
54
55

56
57
58
59
60

61
62
63
64
65

66
67
68
69
70

71
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Table 2

Comparison of BEA and Coen Estimates of Profits

Total Manufacturing, 1947-71

(Billions of Dollars)

Excess of Coen

Profits Over BEA (percent)
Coen
Based on Based on Based on Based on
Historical-Cost Current-Cost Historical-Cost Current-Cost
BEA Depreciation Depreciation ~ Depreciation  Depreciation

13.128 12,797 5.443 -2.5 -58.5
16.243 15.916 13.405 -2.0 -17.5
15.352 14.974 13.775 -2.5 -10.3
19.785 19.408 14.929 -1.9 -24.6
23.568 23.487 16.314 -0.3 ~-30.8
20.844 20.908 17.378 0.3 -16.6
21.006 21.448 19.053 2.1 - 9.3
18.395 19.182 18.021 4.3 - 2.0
24,144 25.291 22.465 4.8 -7.0
22.542 23.843 16.122 5.8 -28.5
21.903 23.300 16.488 6.4 =-24.7
17.452 18.810 16.544 7.8 - 5.2
24,312 25.693 22,928 5.7 - 5.7
22.586 24.168 22.625 7.0 0.2
21,319 23,112 21.045 8.4 - 1.3
24,615 27.950 25,228 13.5 2.5
26.760 30.349 27.943 13.4 4.4
30.410 34,579 31.071 13.7 2.2
36.889 41.509 37.698 12.5 2.2
40,082 44,991 40.254 12,2 0.4
36.316 41.448 34.772 14.1 - 4.3
38.709 44,464 38.277 14.9 -1.1
33.036 39.622 27.361 19.9 -17.2
23.798 30.366 16.300 27.6 -31.5
26.604 34.007 17.339 27.8 -34.8
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I speak of an "underestimate" here, I mean the following: if firms had
calculated historical-cost depreciation allowances consistently at rates
implied by revealed service lives and depreciation patterns, then (with
other things equal) tbey would have recorded profits 28 percent higher
in 1970-71.

A differen; picture emerges from‘the current-cost based estimates.
In this case the BEA profit series exceeds my own by substantial margins
until 1954. The inflationary period in the mid-1950's once again leads
to large overestimates of profits by BEA, but from 1958 through 1968 the
two series are quite similar. Then with the resumption of high inflation
rates in the late 1960's, a sizable gap reappears, with my estimate falling
35 percent below BEA's by 1971.

Since discrepancies between BEA profits and my own estimates simply
reflect differences in our measures of depreciation, I shall not comment

on the detailed findings by industry.
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IV. ECONOMIC DEPRECIATION AND REPLACEMENT REQUIREMENTS

Business firms frequently complain thaf tax depreciation allow-
ances, which must be calculated at historical cost, do not keep pace
with the rising expense of replacing capital goods in times of inflation,
Of course, this argument loses some of its force if firms are permitted
to write off assets more rapidly than is warranted by actual economic
depreciation, even though only the historical cost of the asset can
eventually be written off. The purpose of this section is to explore
the relationship between replacement requirements valued‘at current
prices and depreciation allowances for tax purposes. Comparisons of
replacement requirements with my depreciation estimates are also ﬁade.

In my work on investment behavior, I have obtained estimates of
replacement requirements which best account for the observed fluctuations
in gross capital expenditures in manufécturing industries. To illustrate,
let

dik = capacity depreciation (loss of efficiency) of
equipment used in industry k in the i-th year
after they are acquired.

dS. = capacity depreciation (loss of efficiency) of

ik structures used in industry k in the i-th year
after they are acquired.

Rek = real (constant dollar) replacement requirements
t for equipment used in industry k in year t.
Rik = real replacement requirements for structures used
in industry k in year t.
Cik = price index of new equipment used in industry

k in year t.
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cs

tk = price index of new structures used in industry k in

year t.
The capacity depreciation patterns (the d's) were established in my

examination of investment behavior [3] and:

w0

I
e _ e t-i,k
Rk iio dix o 37)
t"i,‘k
s
nk S .
s s Itk
fae T 0 Yk s (38)
t-i,k

Total replacement requirements valued at current prices are then given
by:

_ e e S S
Rk = Cex Rex ' Cek Rex » (39)

Symming over all 21 industries, we have an estimate of replacement
requirements valued at current prices for total ﬁanufacturing in year t.

My estimates of current and constant (1958) dollar replacement re-
quirements in total manufacturing for 1948-71 are given in the first
two columns of Table 3.2/ When the current-dollar estimates are compared
with the BEA capital consumption series in column 3, replacement requirements
substantially exceed capital consumption for 1948-53, This finding
might again be partially explained by amortization of defense facilities
durihg World War II, which tended to depress tax depreciation allowances
in the immediate postwar years. From 1954 until 1962, BEA capital con-

sumption was roughly in line with replacement requirements, indicating

that the influence of rising capital goods prices on the cost of
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Table 3
Comparison of Replacement Requirements in Current Dollars with BEA

and Coen Estimates of Capital Consumption Allowances
Total Manufacturing, 1948-71

Current Dollar Replacement as

Replacement Requirements Percent of Capital Consumption
Billions of Billions BEA Capital Coen Capital Consumption
Year 1958 Dollars of Dollars Consumption Historical Cost Current Cost
1948 6.217 4,215 147.6 132.6 74.0
49 6.597 4,578 141.2 126.5 95.0
50 6.697 4,882 139.8 126.2 58.5
51 6.897 5.538 136.9 134.3 49.0
52 7.217 5.917 125.9 127.7 72.5
53 7.637 6.377 114.6 124.4 84.8
54 7.908 6.642 104.2 118.9 98.5
55 8.183 7.066 98.5 117.3 79.8
56 8.505 7.928 102.4 123.1 56.0
57 9.272 9.151 107.0 127.9 65.5
58 9.483 9.483 104.2 122.4 94.7
59 9.492 9.653 102.4 120.0 89.3
60 9.278 9.485 96.5 115.0 96.9
61 9.386 9.641 92.7 111.9 90.3
62 9.308 9.660 79.3 109.1 83.4
63 9.526 9.950 77.9 108.4 85.9
64 9.834 10.441 76.0 109.2 79.9
65 10.292 11.145 75.9 110.6 80.3
66 11.214 12.497 78.8 114.2 79.7
67 12,177 14.080 81.1 115.2 74.5
68 12,703 15.121 79.7 114.4 77.9
69 13.017 16.317 78.9 115.8 61.9
70 13.503 17.915 82.5 118.3 61.3

71 13.829 19.357 82.6 120.7 60.3
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replacement was offset during this period by the impact of accelerated
depreciation on tax write-offs. Liberalization of tax depreciation in
1962 reduced replacement requirements to about 80 percent of tax de-
preciation charges, a relation that persisted throughout the late 1960's
and early 1970's, despite the rapid inflation which characterized these
years. Thus, tax depreciation allowances in 1971 were about as generous,
relative to replacement requirements, as they have ever been in the post-
war period, and the relationship between tax allowances and replacement
has not changed much in the last ten years.

The fourth column of Table 3 illustrates the behavior of current-
dollar replacement requirements relative to my series on historical-cost
depreciation. There is much less variation in this relationship than
in the relationship between current-dollar replacement and BEA capital
consumption, because my series applies consistent accounting practices
throughout the period. However, current-dollar replacement requirements
exceed my estimates of historical-cost depreciation in every year, the
average excess being around 20 percent.

By contrast, there is a high degree of variation in the relation-
ship between current-dollar replacement requirements and current-cost
depreciation as shown in the fifth column of Table 3. Throughout the
period, replacement requirements fell short of current-cost depreciation,
often by large amounts, although the two are roughly similar in 1949,
1954, 1958, and 1960.

In assessing these empirical findings, one should bear in mind some

basic theoretical relationships between replacement and depreciation. First
of all, if capital goods prices were constant over time, and if real gross

expenditures were growing at a constant rate, then replacement would forever
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be less than depreciation. This is because the productive capacity of capi-
tal goods declines more slowly than their value, since their value reflects
the discounted stream of future net revenues. A light bulb represents an .
extreme example of this; it loses no productive capacity (generates no
replacement requirements) until the final hour of its life, but it loses
value (generates depreciation) during each hour of its life. If a firm
acquired a constant number of new light bulbs each hour, its replacement
requirements and depreciation per hour would eventually be identical; but if
it acquired a constantly increasing number of new light bulbs, its deprecia-
tion would forever exceed its replacement requirements.

Now suppose that capital goods prices are rising at a constant rate
and again consider the extreme case of a light bulb. Current-dollar replace-
ment requirements for a particular bulb will still be zero until the end of
its service life. Yet as we have seen above, current-cost depreciation will
be greater, relative to the case of no inflation, in each hour of its service
life. Hence, inflation, as well as growth in real capital expenditures, can
drive a wedge between current-dollar replacement and current-cost depreciation,
causing the latter to exceed the former.

If all capital goods were like light bulbs and real capital expenditures
were constant over time, then a constant rate of inflation would not cause
current-dollar replacement to exceed forever current-cost depreciation, since
the total of current-cost depreciation over the life of a bulb is exactly
equal to the total of replacement requirements, namely, the cost of replacing
the bulb at the end of the service life. If, however, unlike light bulbs,
capital goods lose efficiency over their service lives, then the total of

current-cost depreciation must exceed the total of current-dollar replace-

ment requirements over the life of each asset: total depreciatignAaquals,ghe
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cost of a new asset of the same type at the end of the service life, whereas
total replacement can be thought of as the sum of the expenditures required
each period to replace a fraction of the asset's productive capacity by
purchasing a fraction of a new asset of the same type. Thus, in the case

of assets that lose efficiency over their service lives, inflation, even
with constant real capital expenditures, will cause current-cost deprecia-
tion to exceed forever current-~dollar replacement requirements.

In conclusion, it appears that tax depreciation allowances were not
large enough to meet replacement requirements in the late 1940's and early
1950's, but they were more than adequate in the 1960's and early 1970's.

If firms had instead been required to depreciate assets for tax purposes at
historical costs using service lives and depreciation patterns revealed by
investment behavior, then throughout the postwar period, tax allowances
would not have covered replacement requirements. Finally, if firms had
been permitted to adjust consistent historical-cost depreciation to reflect
changes in capital goods prices, as in my current-cost measure of deprecia-
tion, then tax allowances would have been on the whole extremely generous

when viewed relative to current-dollar replacement requirements.
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V. ESTIMATES OF GROSS RATES OF RETURN

The measures of economic depreciation of equipment and structures
by industry described in Section II may be used to estimate the values
of stocks of equipment and structures held by each industry at the end

of each year. Let Bik and Bi denote the book values of equipment and

k
structures, respectively, held by industry k at the end of year t. In

the case of historical-cost accounting, we have

e
ny
e e e
=z (I -
Bk im0 Qe ™ Pemii (40)
S
kg
B35 = 1 (I° p° ., ), (41)

tk 4o  t-ik  t-i,k

s s .
where D% and D are given by previous equations. In the case of current-

cost accounting, we have

e
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t-i,k
s c3
n s tk s
s _ k [It-i,k( S ) Dt-i k] (43)
B = I C. » .
tk i=0 t-i,k

Adding the value of inventory stocks at the end of each year, we have
estimates of total assets, excluding land and any residential structures

held by manufacturing concerns.
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I have approximated the rate of return on total assets by relating
the flow of profits plus net interest during each year to the average of
total assets on hand at the beginning and end of the year. The resulting
estimates of the rate of return are gross of taxes, and are shown in
percentage and index form (1948=100) for total manufacturing in Table 4.
Detailed estimates of book values of total assets and rates of return
by industry are given in appendix tables E.1-E.2 (historical cost) and
E.3-E.4 (current cost). By way of comparison, BEA estimates [4] of the
gross rate of return for all nonfinancial corporations are given in
percentage and index form in the last two columns of Table 4.

My estimates of the rate of return based on historical-cost ac-
counting are about double those of Gorman in every year. This discrepancy
results in part from differences in coverage of the two series, but a
more important factor is the difference between historical- and
replacement-cost accounting., The historical-cost series also exhibits
some striking differences in its movements during the postwar years as
compared to Gorman's. While Gorman's estimates never regain or surpass
their 1948 peak level, my historical-cost series peaks in 1951 and
indicates rates of return in 1965-66 that were roughly the same as in
1948. On the other hand, the two series yield some strikingly similar
conclusions. They both fall to their postwar lows in 1970, and the 1970
levels are about the same relative to the 1948 levels. Also, both series
indicate that each of the postwar recessions (1954, 1958, and 1971) pulled

the rate of return down to a lower level than the preceding recession.
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Table &4

Estimates of Gross Rates of Retyrn
Total Manufacturing, 1948-712

Gross Rate of Return BEA Estimate of
Based on Historical- Based on Current- Gross Rate of Return b/
Cost Depreciation Cost Depreciation Nonfinancial Corporations—
Index Index Index

Year Percent 1948 = 100 Percent 1948 = 100 Percent 1948 = 100

1948 30.0 100 22.4 100 17.6 100
49 26.7 89 22.0 98 14.8 84
50 32.7 109 22,5 100 17.0 97
51 34.3 114 21.1 94 16.8 95
52 27.3 91 20.1 90 14.1 80
53 26.1 87 20.8 93 13.5 77
54 22.5 75 19.3 86 12.7 72
55 28.5 95 23.3 104 15.7 89
56 24.7 82 15.3 68 13.6 77
57 22,4 75 14,4 64 12.3 70
58 17.8 59 14,2 63 10.5 60
59 23.6 79 19.3 86 13.1 74
60 21.6 72 18.7 83 12.0 68
61 20.2 67 17.3 77 11.8 67
62 23.8 79 20.3 91 13.5 77
63 24,8 83 21.8 97 14.0 80
64 27.2 91 23.4 104 15.1 86
65 30.7 102 26.6 119 16.3 93
66 30.3 101 26.0 116 "16.2 92
67 25.7 86 20.8 93 1.4.1 80
68 25.8 86 21.2 95 13.8 78
69 22.1 74 14.8 66 11.6 66
70 16.8 56 9.2 41 9.4 53

8.9 40 9.9 56

71 17.6 59

a/ Gross rate of return is profits before taxes (excluding inventory valuation
adjustment) plus net interest divided by simple average of book value of
assets at the beginning and the end of the year. ‘

b/ From John A. Gorman, 'Non-Financial Corporations: New Measures of Output and
Input," Survey of Current Business, March 1972, Table 5, pp. 26-27.
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It should be noted, however, that while Gorman's results seem to point
to a secular decline in the rate of return, the sharp 1965-66 recovery
in my historical-cost series casts some doubt on this hypothesis.

The estimates based on current-cost accounting exceed Gorman's
estimates (although not by as wide a margin as the historical-cost
measures) in all but the last two years. However, they display varia-
tions over time that are notably different than both Gorman's estimates
and my historical-cost estimates. The current-cost based measure scarcely
declines at all in the 1949 recession, and by 1955 it achieves a peak
well above the 1948 level. As in the other two series, a trough occurs
in 1958, but at a somewhat higher level relative to 1948. Thereafter,
the current-cost based rate of return recovers even more dramatically
than the historical-cost measure, reaching a peak in 1965 that is 19
percent above the 1948 level. Thereafter, a precipitous decline sets
in, carrying the rate of return to a level absolutely lower than Gorman's
by 1971. There is even less support in the current-cost estimates for
the hypothesis of secular decline in the rate of return.

The detailed results by industry appearing in Tables E.2 and E.4
reveal wide variations among industries as well as over time. Since
data on inventories were not available for some industries in selected
years (see Table B.3 for the missing observations), rates of return
could not be calculated for the entire period in all cases. One curious
aspect of the tables is the preponderance of negative rates of return
in petroleum. Discussions with Jack Gottsegen of the Commerce Department

confirmed my suspicion that the problem is one of industrial classification.
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Data supplied by the industry is not adequate to accurately allocate
firms' activities between mining and manufacturing, in part because firms
follow internal transfer pricing policies that are intended to maximize
depletion allowances in their mining operationms. Therefore, the petroleum
industry is excluded from the following discussion.

In the early years of the postwar period, the historical-cost based
rates of return are comparable in most industries to those for manu-
facturing as a whole. However, rates of return in the furniture, paper,
rubber, stone, clay, and glass, and auto industries are significantly
above average, while those in textiles and miscellaneous manufacturing
are well below average. By 1971, rankings have changed and the amount of
variation has also increased.éj Tobacco, lumber, printing and publishing,
autos, and instruments record quite high rates relative to the average,
while textiles, furniture, paper, rubber, primary metals, and transportation
equipment display quite low rates.

_ Variation in the current-cost measures is somewhat larger in 1953 and
much larger in 1971.2/ The industries displaying unusually high rates of
return in the early part of the period are lumber, paper, rubber, stone,
clay, and glass, electrical machinery, and autos, and those with unusually
low rates of return are textiles and miscellaneous manufacturing., At
the end of the period, tobacco, autos, and instruments show especially
high rates of return, while paper, rubber, primary metals, and trans-
portation equipment show especially low ones. Thus, on the basis of either
historical- or current-cost accounting, four industries record extra-

ordinary rates of return in the earlier years (paper, rubber, stone,



- 32 -

clay, and glass; and autos), while two industries record extraordinarily
low rates - (textiles and miscellaneous manufacturing). By 1971, three
industries appear to enjoy exceptionally high rates under either measure
(tobacco, autos, and instruments), and four exceptionally low rates
(paper, rubber, primary metals, and transportation equipment). The
specific characteristics of the 1971 recession no doubt influence the
rankings in that year, so one must be cautious in drawing conclusions from

these comparisons.
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VI. CONCLUSION

It is important to stress once again that the current-cost accounting
procedure applied in this study is based on a very special set of assump-
tions - in brief, that all changes in capital goods prices result from
changes in prices of output, that these changes are completely unantici-
pated, and that price expectations are completely inelastic. I personally
consider these assumptions to be rather extreme, and I would regard the
current-cost concept employed here as a polar case. It no doubt produces
estimates of current-cost depreciation that are more sensitive to price
changes than other reasonable alternatives. In the near future I hope
to examine some of these alternatives. Until comparative analyses of
different concepts are completed, I am reluctant to draw firm conclusions

from the present investigation.



Table A.1

Standard Industrial Classification Codes and Descriptions of Industries
Included in This Study

SIC Code Descriptions
20 Food and Kindred Products
21 Tobacco Manufactures
22 Textile Mill Products
23 Apparel and Related Products
24 Lumber and Wood Products, except Furniture
25 Furniture and Fixtures
26 Paper and Allied Products
27 ' Printing and Publishing
28 Chemical and Allied Products
29 Petroleum and Related Industries
30 Rubber and Miscellaneous Plastic Products
31 Leather and Leather Products
32 Stone, Clay, and Glass Products
33 Primary Metal Industries
34 Fabricated Metal Products
35 Machinery, except Electrical
36 Electrical Machinery
37+19—37l§/ Transportation Equipment and Ordnance, except Motor
Vehicles
371 Motor Vehicles and Equipment
38 Instruments and Related Products
39 Miscellaneous Manufacturing Industries
a/

~'Referred to in later tables as "837". Total manufacturing is
designated by a "0" in later tables.



Table A.2

Service Lives and Capacity Depreciation Patterns
Revealed by Investment Behavior

Equipment Structures
SIC Capacity Capacity
Industry Service Depreciation Service Depreciation
Code Life Pattern Life Pattern
20 12 SL 20 SL
21 10 SL 20 SYD
22 18 GD-FIN 20 OHS
23 10 SYD 40 GD-FIN
24 8 SL 50 GD-FIN
25 20 GD-FIN 50 OHS
26 10 GD-FIN 30 SL
27 22 SL 20 SYD
28 14 GD-FIN 25 SL
29 10 SL 45 GD-FIN
30 10 SYD 40 GD-FIN
31 10 GD-FIN 20 GD-FIN
32 10 GD-FIN 35 GD-FIN
33 16 GD-FIN 40 GD-FIN
34 10 GD-FIN 45 SL
35 10 GD-FIN 20 GD-FIN
36 6 SL 30 SL
"37+19-371 8 SYD 40 GD-FIN
371 8 GD-FIN 45 GD-FIN
38 10 GD-FIN 20 GD-FIN

39 20 SL 25 SYD
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FOOTNOTES

l/The revealed service lives and depreciation patterns employed
here are given in the appendix. They correspond to those reported in

[31.

E/A little algebraic manipulati-n reveals that nominal income in
this case is rC; in year 1, r02 in year 2, rCy in year 3.

Q/Detailed estimates of replacement requirements by industry are
not presented in this paper.

ﬁ/The standard deviation of the rates of return is 7.5 percent in
1953, or 29 percent of the mean, versus 10.2 percent in 1971, or 58 percent
of the mean. These values exclude petroleum.

é-/For the case of current-cost accounting, the standard deviation
of the rates of return is 7.0 percent in 1953, or 34 percent of the mean,
versus 11.4 percent in 1971, or 128 percent of the mean.
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